Development of a technique for accurate measurement of the specific radioactivity of valine attached to the aminoacyl-tRNA in vivo was necessary to conduct the experiments presented in the main paper (Airhart et al., 1974) . This appendix gives the details of the isolation and analysis of our preparation as well as an assessment of the quality of the product.
Methods of isolation and analysis
Bentonite (Sigma Chemical Co., St. Louis, Mo., U.S.A.) was suspended in distilled water at 50g/l and magnetically stirred overnight. The coarsest particles were removed by centrifugation at 1450g for 15min. The cream-yellow uppermost layer of the first pellet was carefully scraped off and combined with the supernatant, and the rest of the pellet was discarded. The suspension was shaken manually and the 1450g centrifugation repeated. The uppermost layer of this second pellet was again retained with the supernatant and, after shaking, the suspension was centrifuged for 15min at 2500g; this was repeated once. After the second 2500g centrifugation, the pellet was completely discarded and the supernatant centrifuged at 9000g for 15min. The resulting pellet was washed twice with distilled water and resuspended in 0.1 M-disodium ethylenediaminetetra-acetic acid and stirred overnight. Crude bentonite has a high metal ion content which decreases protein-binding capacity, and EDTA is effective in ion removal (Fraenkel-Conrat et al., 1961; Watts & Mathias, 1967) . The EDTA was removed by overnight dialysis against distilled water. The bentonite was recovered by centrifugation at 9000g for l5min and again washed twice with distilled water. The final pellet, which nowhad a grey-yellow colour, was resuspended in buffer A (0.05M-cacodylate-0.17M-NaCI, pH6.0) to a final bentonite concentration of 30-35mg/ml and stirred gently overnight. This bentonite suspension was stored at 4°C for up to a week or frozen at -17°C until needed.
Livers were obtained as described in the main paper and homogenized while still partially frozen in 3vol. of buffer B (0.05M-cacodylate-0.17M-NaCl-0.33M-sucrose, pH6.0) with a Willems Polytron homogenizer for lmin at position 6. The following method for isolating aminoacyl-tRNA was adapted from the procedure of Davey & Manchester (1969) who discuss in detail the advantage of using cacodylate buffers and deproteinizing with bentonite. All steps were carried out at 4°C unless otherwise indicated. The homogenate was mixed with 0.15vol. of the bentonite suspension described above and centrifuged for 15min at 13000g. The resulting supernatant was decanted, again treated with bentonite and centrifuged as above. This procedure was repeated twice more or until the supernatant was clear and straw-yellow in colour. It was determined by the method of Lowry et al. (1951) The tRNA was precipitated from the aqueous layer by addition of0.1 vol. of20 % potassium acetate, pH5.0, and 2vol. of 95% ethanol (-17°C). The precipitate formed on standing for 2 days at -17°C was recovered by centrifugation in a Sorvall GLC-1 at 800g for 20min. The pellets were rinsed 3 times with 95% ethanol and resolubilized in 1.2ml of buffer A. To release the valine from the tRNA, the solution was adjusted to pH9-10 by the addition of 2 drops of dilute NaOH and incubated for 1 h at 37°C. The NaOH was previously titrated against buffer A so that the addition of 2 drops gave the desired pH change. After incubation the samples were chilled to 4°C and enough 100% (w/v) trichloroacetic acid was added to give a final concentration of 10%. To insure maximum precipitation of the deacylated tRNA, the samples were allowed to stand on ice for 1 h. The resulting precipitate was removed by centrifugation at 730g for 15min and samples were stored at -17°C until analysis.
Free valine concentration was determined on a Beckman 120C amino acid analyser equipped with high sensitivity cuvettes and an expanded scale (4-5mV) recorder. Before application to the UR-30 column, the samples were ether-extracted to remove the trichloroacetic acid. The eluate from the column was automatically split into two fractions, one of which was mixed with ninhydrin for determination of the amino acids, the other (25% of total flow) was collected in scintillation vials in toluene containing 0.6 % (w/v) 2,5-diphenyloxazole and 33 % (v/v) Triton X-100. Radioactivity was monitored on a Beckman LS 100 liquid-scintillation counter. Quench correction was made by external standard: the 3H radioactivity was counted at about 15 % efficiency in this system.
Accuracy ofanalyses
The yield of valine released from the aminoacyltRNA preparation averaged 3.31±0.12nmol per 5.2g of liver for 12 determinations. This is near the lower range of sensitivity of the Beckman analyser. However, identical results (3.29±0.16) were obtained when dansylated samples were analysed spectrofluorimetrically after separation by t.l.c. The latter method (Airhart et al., 1973) is linear from 0.005-0.1 nmol of valine per sample.
The specific radioactivity of valine released from the aminoacyl-tRNA preparation was 2290±80 14C (o) radioactivity. Samples from the major peak were adjusted to pH9.0 with NaOH and incubated for 1 h at 37°C. RNA was removed by centrifugation after treatment with 10% trichloroacetic acid at 4'C in the presence ofcarrier tRNA.
Evidence that the valine isolated from the tRNA originated solely from aminoacyl-tRNA In addition to the 3.3 nmol of valine acylated to the tRNA, a 5.2g rat liver was also found to contain about 1000nmol of free valine and 600000nmol of protein-bound valine. To determine if there was any valine from the free amino acid pool contaminating our preparation, aminoacyl-tRNA was isolated from livers labelled in vivo with [3H]valine and homogenized in the presence of [(4C] valine. This material was applied to a Sephadex G-75 column at pH6.0 (Fig. 1) ; 98 % of the E260 and 100% of the 3H was'eluted symmetrically within the first few fractions after the void volume, in a manner identical with marker yeast tRNA. After incubation of these fractions at pH9.0, all the 3H became acid-soluble. No E260 or radioactivity was detected in the void volume. The small amount of E260 material being eluted near the included volume was tentatively identified as phenol by olfactory inspection. The E260/E280 ratio of the starting material and all fractions of the major peak was 2.02, a value characteristic of purified yeast RNA (Warburg & Christian, 1941) . No detectable '4C was associated with the tRNA peak. The 14C 1974 SPECIFIC RADIOACTIVITY OF VALINE FROM AMINOACYL-tRNA eluting as free amino acid was 0.00002 % of the 14C in the total homogenate and 3.5 % of the total radioactivity on the column. Since the 14C to 3H ratio in the free pool was 4.6, we estimate that the maximal contamination of RNA-associated valine with valine from the free amino acid pool to be less than 1 %.
Sedimentation analysis of the isolated tRNA solubilized in buffer A was carried out in a Spinco Model E analytical centrifuge equipped with u.v. optics. A single moving front was observed suggesting an RNA preparation of single molecular species. An S value of 3.4 was obtained which is within the range of published determinations for tRNA from various sources (Goldthwait, 1958; Tissieres, 1959; Osawa, 1960) .
Contamination of the final aminoacyl-tRNA preparation by significant amount of protein is not likely. No protein was detected on the Sephadex column or in the sedimentation analysis. Moreover, proteins and peptides will not interfere with our measurement of valine released from tRNA since free amino acids are separated from these substances on the amino acid analyser. However, co-isolation of free valine resulting from hydrolysis of even a small percent of total liver protein would introduce serious error. To determine if any such contamination was present, samples of aminoacyl-tRNA from about 15 g of liver were incubated for 1 h at 37°C in buffer A at pH 8.5 and 9.0. Although 9-lOnmol of valine was released at pH9.0 no detectable valine was released at pH 8.5. Considering the sensitivity of the assay we estimate the possible contamination of our preparation could not be more than 3 %.
From the experiments described in this section we conclude that the valine analysed in our procedure was isolated in association with a low-molecularweight RNA in a specific manner that was labilized by a pH shift from 8.5 to 9.0. We also find no significant contamination of the valine released from the RNA with valine originating from either the free pool or protein hydrolysis.
excision of the liver. The control animals received Nembutal (5mg/0.5ml per lOOg body wt.) 15min before injection of 3H. Blood was drawn from the portal vein and heart before the excision of the liver. The livers were passed briefly through two 200ml saline washes and frozen immediately as described in the main paper. In contrast with these usual procedures, one group of animals (A) was killed by decapitation without anaesthesia, blood was collected from the neck and the livers were frozen without washing. A second group of rats (B) received Nembutal but no blood was drawn and the livers were frozen unwashed. Portal and cardiac bloods were drawn from another group (C) under anaesthesia, but the livers were frozen without washing. None of these omissions and variations resulted in a significant change in the specific radioactivity of valine isolated from the aminoacyl-tRNA (Table 1) .
We can also eliminate the possibility that during isolation ofthe tRNA changes in specific radioactivity occurred because of exchange of acylated amino acids with other free amino acids in the homogenate. In the experiments described above (Fig. 1) , a large excess of 14C was present in the free valine pool of the homogenate during isolation of the tRNA. There was no detectable 14C associated with the tRNA peak after column chromatography. As little as 0.5 % contamination would have been detected.
From the observations reported in this section, we conclude that the specific radioactivity of the valine analysed by the procedure of this paper is unchanged during isolation and reflects the state of valyl-tRNA in vivo.
Limitations ofthe method
There are several unanswered questions about the technique that are not relevant to our purposes but may affect its applicability to situations other than those described here and in the main paper. In the Evidence that the specific radioactivity of valine isolatedfrom the tRNA accurately reflected the state in vivo
In the light of the limited quantities of valyl-tRNA in rat liver and its rapid turnover in vivo as discussed in the main paper, it is possible that the specific radioactivity of valine attached to the tRNA would be strongly influenced by physiological changes induced by the manipulations involved in obtaining blood and tissue samples from the intact rat. To detect possible errors introduced in this way, we compared the specific radioactivities of valine obtained by our (Cantoni et al., 1962) , the ester bond is relatively stable (Davey & Manchester, 1969) and valine itself is sufficiently soluble in ethanol (Saifer, 1971) . Adequate controls would be necessary to establish that the isolation described here would yield accurate results with any other amino acid. In addition, it is possible that the presence of trace amounts of phenol in the final product (Fig. 1 ) may make it unsuitable for proteinsynthesizing systems in vitro. Finally, although there is no significant contamination with high-molecularweight species, we cannot rule out the possibility that low-molecular-weight RNA other than tRNA is present in the preparation.
